
MicroArray Database (mAdb) System –
Bioinformatics for the Management and 

Analysis of Spotted and Affymetrix 
Gene Expression Microarrays

John M. Greene, Ph.D.
SRA International

ERIC BRC

BRC2
May 17, 2005



For microarray work, ERIC will incorporate the mAdb system, built for 
the intramural program of the National Cancer Institute. This web-based 
enterprise system is scalable and modular. It incorporates numerous 
tools for filtering data, providing statistical analysis, and allowing users to 
visualize the data.
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NCI & NIAID mAdb URLs
http://madb.nci.nih.gov

http://madb.niaid.nih.gov



mAdb Background

• Established in 1999 at NIH’s CIT to support the NCI microarray printing 
facilities – SRA awarded contract for staff support

• Goals: Provide an integrated set of web-based analysis tools and a data 
management system for uploading, analyzing, and maintaining information 
about the features printed on the chip for cDNA/oligo/Affy Gene 
Expression data

• Project-oriented design approach to support multiple, independent 
research projects, using an open systems design, and focusing on 2 color 
array slides

• System currently supports spotted arrays routinely produced by the two 
NCI, NIAID, and FDA Microarray Centers - work closely with them

• Currently supports Axon GenePix, Perkin-Elmer QuantArray, Imagene, 
and Arraysuite II / IP Lab (Yidong Chen, NHGRI) image analysis software 
for two-color, “Pat Brown-type” spotted arrays

• Affymetrix now available after instruction on needed parameters –
limited number of chips supported right now (mouse, human, rat)



Current CIT mAdb Statistics

• 50,848 Arrays uploaded since Feb. 2000 – now average 
~1,100 per month uploaded over last year

• Over one billion cDNA expression measurement points

• ~1,300 registered users (NIH and collaborators 
worldwide)

• MIAME compliant – MAGE-ML in progress

• Among the largest collections of microarray data in the 
world, although data sharing is determined by each
investigator – no one has access to all the data



User-configurable mAdb Project Access –
Data Security/Sharing



Physical Architecture for CIT mAdb System
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mAdb IT Infrastructure at CIT
Web servers:

• SunBlade 2000
• Open Source Software: 

- Apache 1.3 – web server
- Perl 5.8 (Perl/CGI/DBI user interfaces)
- Java applets (visualization tools)
- ImageMagick – image manipulation to 
allow visualization of individual spots

- R statistical software

Database server:
• Sun Enterprise 3500 with 4 processors 
• Sybase ASE

Storage devices:  Sun D2 Storage Arrays 12 x 36 GB

Network storage (RAID 5):  1 terabyte



Logical Architecture for mAdb System
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Live Demonstration
1. Create a filtered dataset based on array quality parameters
2. Filter out rows missing less than 90% of values to create

a subset.
3.   Demonstrate a visualization tool – multidimensional scaling



mAdb Analysis Paradigm:
1. Create project; Upload arrays to that project

2. Quality control – Project Summary and Graphical Reports

3. Create a filtered dataset: 
• Extract rows from database

• Filter spots on quality parameters (spot size, S/N, etc.) 

• Normalize, so different arrays can be compared

• Align genes from different array layouts (based on well IDs)

4. Apply Data/Gene criteria filters, if desired, to create subset 
dataset(s)

5. Apply appropriate Analysis/Visualization Tools to the 
dataset(s)

6. Repeat Steps 3, 4, and 5 as desired

7. Interpret Datasets/Results



Uploading Arrays via the Web



Feature Tracking

Inventory Stock Print Plates Printing Order Arrays

Array spots are traced back to inventory stock wells (well ID). This 
well ID is one of the primary methods used to align results across array 
sets, and allows mAdb staff to correct printing errors.
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Array Quality Report Graphics



Data Extraction Tool – creates filtered datasets

Applies spot filtering 
options to selected 
arrays and creates a 
new working dataset.



Reconfigurable Data Display Output



Feature Report - Integration of Gene Information



Additional Data Filtering Options

Applies selected 
filtering options to 
the dataset based 
on values in the 
data and creates a 
new subset.
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Visualization Tools for Microarray Datasets

Multiple array graphical viewer

Interactive scatter plot

PCA and MDS – 3D viewer



Features and analysis tools currently included in the 
mAdb system are:
• Agglomerative hierarchical, K-means, and self-organizing map (SOM) clustering

• Principal Components Analysis (PCA) and Multidimensional Scaling (MDS)

• Scatter plot and Multiple array graphical viewers

• PAM (Prediction Analysis of Microarrays) classifier from Stanford

• Boolean comparison of datasets

• Array group assignment and averaging

• t-tests, Wilcoxon Rank Sum, ANOVA, and Kruskal-Wallis statistical analyses

• Pathways Summary reports (BioCarta, KEGG, Stanford GO)

• Correlation Summary report, Array Quality Graphic Report

• Configurable data display

• Ability to refresh gene information

• History of filtering of data subsets

• Export of data to Excel, tab-delimited files, GeneSpring format

• Keyword query



5/6/2005 - What's New on mAdb

• "Group Comparison (t-test, ANOVA, Wilcoxon,...)" 
replaces "Two or More Group Comparison" tool, 
includes previous functionality, plus support for 
single group tests. 

• "Group Statistics (mean, median, stddev...)" -
calculates statistics values for each Group.

• "SAM: Significance Analysis of Microarrays" -
support for SAM analysis.



Issues for BRC use
• Gov’t owned – ERIC cannot Open Source it per se
• Cf. Owen yesterday – mAdb needs testing, packaging, 

and documentation
• To date, mAdb has not dealt with multiple organisms’

DNA on same chip
• More uploading automation – need to add chip layout 

input from users
• Can make accounts available once up on ERIC for 

BRCs to try out….



To date, the NCI/CIT mAdb 
system has been replicated by 
SRA International for the:

• Genome Institute of 
Singapore

• CDC, with concurrent 
development of an 
epidemiological database and 
additional statistical tool 
refinements.

• Netherlands Cancer Institute, 
with expansion of import 
capability 

• NINDS, with conversion to 
Oracle

The NCI system is also being 
used by investigators at NIAID, 
FDA/CBER, NIMH, and other 
intramural NIH programs.



ERIC is a pathogen-centric, portal based system. mAdb is one component of 
the system, and work on replication of the mAdb system for ERIC is beginning 
now.
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ERIC will make use of a data warehouse approach to store both 
contributed pathogen data (annotations, sequence, microarray, 
proteomics, etc.) and data from external sources.  This will enable better 
integration of inputs from many sources.
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CIT mAdb Development and Support Team:

• John Powell, Chief, BIMAS, CIT
• Liming Yang, Ph.D.
• Jim Tomlin
• Lynn Young, Ph.D.

• Esther Asaki*
• Yiwen He, Ph.D.*
• Kathleen Meyer*
• Tim Ruppert*

*SRA International contractor

• John Powell received an NIH Director’s Award for Development and 
Support of the mAdb System

• 2004 SRA Project Team Excellence Award – NCI mAdb Project Team



Scientific Co-Directors:

John Greene, Ph.D.  - PI and Project Director
Nicole Perna, Ph.D.  - Scientific Co-Director
Fred Blattner, Ph.D.  - Scientific Co-Director

ERIC Curators:

Guy Plunkett III, Ph.D. - Senior Curator; David Bowen, Ph.D.; 
Val Burland, Ph.D.; Eric Cabot, Ph.D.; Jeremy Glasner, Ph.D.

ERIC Technical Team:

Matt Shaker; Robin Martell; Tom Hampton; Lorie Shaull; Panna Shetty; 
Mary Wong, Mark Backus
Paul Liss; Michael Rusch

ERIC Team:



http://www.ericbrc.org
info@ericbrc.org
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